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(57) Abstract 

This invention is an apparatus and method for assisting an operator to diagnose physical conditions in a patient by collecting and 
analyzing cyclical body sounds such as heart beat, peripheral vessel sounds, or breath sounds. Several cycles of data are collected by sound 
detector (12) and digitized by an analog to digital converter (28). Each cycle is converted to the frequency domain (102), and phase fixed 
(104). Then all of the frequency converted and phase fixed cycles are signal averaged (106) together, and the results displayed (108) to 
the operator. The cycles may be sorted according to respiratory cycle (204, 304, 404), and averaged (210, 310, 410) in two groups. The 
cycles may be gated according to the patients ECG (206). The apparatus may also suggest diagnoses (218, 318, 418) or further maneuvers 
(214) to be perfonned. 
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APPARATUS AND METHODS FOR ANALYZING BODY SOUNDS 
BACKGROUND OF THE INVENTION 

Tcf hnical Field 

The present invention relates to apparatus and methods for analyzing body sounds. More particularly, 
tiie present invention relates to visual and computer assisted analysis of digitized body sounds. 
Backgrmind Art 

The normal human heart is a four chambered structure, shown schematically in Figure 1. It is 
arbitrarily divided into a right side (patient's right side) which accepts deoxygenated blood returning from the 
body through the venae cavae and pumps this blood into die lungs through the pulmonary artery. Itie lungs 
re-oxygenate the blood and excrete carbon dioxide. The re-oxygenated blood returns to the left side of the 
heart through the pulmonary veins and is pumped to the body through the aorta. 

Both the ri^t side and ihe left side of the heart have ventricles which actively pump blood through the 
contraction phase of the cardiac cycle (caUed systole) and atria which function to assist ventricular filling 
during the relaxation phase of the cardiac cycle (called diastole). On the right side of the heart, die tricuspid 
valve separates the right atrium and ventricle. The pulmonic valve separates the right ventricle and pulmonary 
artery. On the left side of the heart, the mitral valve separates the left atrium and ventricle, and the aortic 
valve separates the left ventricle and aorta. 

Normal heart sounds are produced by the closure of the valves separating the atria from the ventricles 
(called the first heart sound, SI) and the subsequent closure of the valves separating the ventricles from their 
attached arteries (called die second heart sound, S2). The first heart sound, SI, has two components, Tl and 
Ml . Tl is caused by the closure of the tricuspid valve, between the right atrium and right ventricle. Ml is 
caused by the closure of the mitral valve, between the left atrium and the left ventricle. 

Similarly, the second heart sound, S2, has two components, A2 and P2. A2 is caused by closure of 
the aortic valve, between the left ventricle and aorta, and P2 is caused by closure of the pulmonic valve 
between die ri^t ventricle and pulmonary artery. In a normal individual, mitral valve closure (Ml) precedes 
tricuspid valve closure (Tl) slightly. Aortic valve closure (A2) normally precedes pulmonic valve closure (P2) 
by a varying amount, depending upon the phase of the respiratory cycle. Normally, A2 precedes P2 by a 
longer period during inspiration than during expiration. All of diese normal heart sounds are within the low 
frequency end of the human hearing range, falling between 30 and 250 Hz in frequency. 

Abnonnal heart sounds may be produced by the rapid filling of dilated ventricles, producing a third 
heart sound called S3, as well as by the contraction of the left atrium against a non-compliant left ventricle, 
producing a fourdi heart sound called S4. Other abnormal heart sounds and murmurs may be produced by a 
variety of different pathological conditions. 

Ihe timing of abnormal hearts sounds relative to other heart soimds, to the respiratory cycle, and to 
the electrical impulses cau^ng the heart to beat, is important in diagnosing die condition causing the abnormal 
sounds. Figure 2 shows die relationship between the electrical impulse (normally detected by an 
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dectrocardiQgram or ECG), ttie lespiiatoiy cyde, and nonnal heart sounds. Ventricular excitation is detected, 
by the QRS complex of the ECG. When the ventricles are electrically excited, contraction occurs which 
results in increases in ventricular pressure. When the pressure in the left and right ventricles exceed tfiat in 
tfieir corresponding atria, closure of the mitral valve (Ml) and the tricuspid valve (Tl) occur, respectively. 
Usually, Ml and Tl overlap, so Aat SI is one continuous soimd rather than being split. 

When ventricular contraction ceases and rdaxation of die ventricular muscle occurs, pressure 
decreases in the ventricle. When the pressure in fte left aiKl ifae ri^t ventricles &lls below that of tiie aorta 
and pulmonary artery, respectively, aortic dosure (A2) and pulmonic closure (P2) occur. The sum of A2 and 
P2 form tiie second heart sound (S2). S2 is usually split into separate, identifiable A2 and P2 sounds. The 
period between A2 and P2 is normally greater when the patient is inhaling than when the patient is exhaling. 

Changes in the timing relationship or intensity of tfiese normal sounds can indicate a physical problem. 
The existence of extra, abnormal heart soimds also frequently indicates some physical pathology. Various 
clues assist die physidan in determining what condition is causmg the extra sound. Frequency and pitch of 
extra sounds, their timing and duration, and tfieir intensity are all related to their cause. Physiologic 
maneuvers, such as hand grip and valsalva (expiration against a closed glottis), wdiich alter the amount of 
venous return as well as left ventricular after load, can be used to accentuate or diminish the intensity of some 
abnormal heart sounds and murmurs, and can, dius, be used to aid in differential analysis. 

Normally, blood flow is not audible dirou^ peripheral arteries such as the carotid arteries (in the 
neck), the abdominal arteries (supplyii^ the kidneys, intestines, etc.) and the extremities (e.g. femoral 
arteries). However, wh&n diese vessels become narrowed (stenosed) by pathological processes (e.g. 
attieromatous plaques) or flow is increased by the devdopment of a shunt or fistula (e.g. hemodialysis access), 
dien Mood flow through these arteries may become audible. In general, the pitch or frequency of tiie sounds 
from such flow will correlate widi the severity of the narrowixig. Moreover, the sound of flow during diastole, 
when die arterial pressure is generally lower, will be a more ^)ecific indicator that a significant stenosis or 
narrowing is present. 

Breath sounds may also provide considerable information about pulmonary pathology. In general, 
breath sounds caused by air rushing into and out of die lungs during respiration tend to be most coarse over 
die trachea and major bronchi and much finer and softer over the peripheral lung fields. Pathologic processes 
sudi as consolidation (as migbt occur widi pneumonia) may increase die transmission of coarser upper airway 
sounds in die lung peri{diery, whereas odier processes such as fluid gadiering around the limg (pleural effiidon) 
may decrease die sounds heard over an area. Increases in hmg water, as mi^t occur widi heart feilure as well 
as other pulmonary conditions, produces an abnormal crackliqg sound at end4nspiration called rales. 

The relationship between abnormal heart sounds, peripheral vessel sounds, and breath sounds and 
underlying physical pathologies has long been appredated by cardiologists. However, clinical auscultation 
(examination by listening to body sounds) is an extremely difficult skill to master. The heart sounds are low 
IHtdied and dose tpgedier, and it is ^fficult for humans to separate sounds out or remember sounds accurately. 
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Even when auscultation is perfonned expertly, the data derived from the examination is expressed semi-, 
quantitatively at best in the form of a note in the patient's file. No record of the actual data is available for 
further analysis or comparison with data from prior or subsequent examinations, or between observers. 

A variety of inventions have been developed to assist physicians and other care givers with 
auscultation. None of these devices has been successfiil, due to several disadvantages discussed below. It is 
known in the art to provide a slowed down audio signal of a heart beat. See, for example U.S. Pat. No. 
4,528,689 by Katz. It is also known to use an electronic stethoscope to display heart sounds visually. See U.S. 
Pat. Nos. 5,213,108, 5,218,%9. and 5,010,889 by Bredesen et al., 5,025,809 by Johnson et al., 4,765,321 
by Mohri, 4,254,302 by Walsh, 4,594,73 1 by Lewkowiez and 4,362, 164 by Litde. Some of these references 
discuss con^Hiter assisted diagnoas based on ttie heart sounds. It is also known to take frequency domain (e.g. 
fast Fourier transform) data of die heart sounds in order to aid in diagnosis. See, for example, U.S. Pat. Nos. 
4,792,145 by Esenberg et al., 5,301.679 by Taylor, 5,002,060 by Nedivi, and 4,720,866 by Eiias et al. 

None of these inventions are useful in normal diagnostic situations, because they do not provide any 
effective means of sq)arating background noise, emanating from within the body or external to the body, from 
tiie body sounds to be analyzed. In addition, these inventions do not provide quantitative timing comparisons 
between body sounds, respiratory cycle, and electrical impulse. 
PisclQsurc of Invention 

An object of ^e present invention is to provide analysis of body sounds in normal diagnostic situations. 

In order to accomplish this object, apparatus is provided for collection of body sounds such as heart 
sounds, peripheral vessel sounds or breath sounds. The body sound data is digitized, converted to frequency 
data, processed to remove small differences in tinting, and signal averaged. This preserves frequency 
information while eliminating background noise. 

The body sounds may be sorted according to respiratory phase and gated to the QRS complex of the 
ECG, or to other aspects of the ECG tracing such as the P and T waves. Generally, the signal averaged data 
is displayed visually to die op&atoT for ttie purpose of allowing the operator to make a diagnosis. In addition, 
a computer algorithm may suggest diagnoses or furtiier maneuvers for the operator to perform to further assist 
in differentiating the etiology of the sounds heard. 

The data may be saved as a historical report or compared to previous patient data. 

Those having normal skill in die art will recognize die foregoing and other objects, features, 
advantages, and applications of the present invention from the following, more detailed, description of the 
preferred embodiments as illustrated in the accompanying drawings. 
Brief Pcscription of the Drawines 

Figure 1 is a schematic representation of a normal human heart. 

Figure 2 ^ws die relationship between die electrical impulse controUing the heanbeat, die respiratory 
cycle, and normal heart sounds. 
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Figure 3 is a functional block diagram ^wing the main components of a body sound analyzer in 
accordance with die present invention. 

Figure 4 is a hig|i level flow diagram showing the process accomplished by die A/D converter and 
signal processor and analyzer of Hgure 3, applicable to a variety of cyclical body sounds. 

Figure 5 is a flow diagram showing the process accomplished by the signal processor and analyzer of 
Figure 3, when analyzing heart sounds. 

Figure 6 is a flow diagram showing the process accomplidied by the signal processor and analyzer of 
Figure 3, when analyzing peripheral vessel sounds. 

Figure 7 is a flow diagram showing the process accomplished by the signal processor and analyzer of 
Figure 3, vfhsa analyzing breadi sounds. 

Figures 8A, 8B, 8C, 8D and 8E show displays produced by the signal processor and analyzer of 
Figure 3, when analyzing heart sounds. 

Figure 9 is a chart showing an example of a diagnostic approach taken by the signal processor and 
analyzer of Figure 3, when analyzing heart sounds. 

lugure 10 is a chart showing an example of a diagnostic approach taken by the signal processor and 
analyzer of Figure 3, v/hcn analyzing breath sotmds. 

Figure 11 is a diart showing an exanq)le of a diagnostic approach taken by the signal processor and 
analyzer of I^gure 3, when analyzmg peripheral vessel sounds. 

Hgure 12 s£hows die effect on heart beat sounds of signal averaging in the frequency domain according 
to die present invention. 
Best Mnde for Carrying out the Invention 

Figure 3 is a functional block diagram showing die main components of a body sound analyzer 10 in 
accordance widi die present invention. Body sounds which may be analyzed by die analyzer 10 include heart 
sounds, peripheral vessel sounds, and breadi sounds. Depending upon which sounds are to be analyzed, some 
of the elements of analyzer 10 may be unnecessary. For example, v/hen heart sounds or peripheral vessel 
sounds are being analyzed, the sounds, ECG, and respiration are detected simultaneously and analyzed as a 
groiq>, because signal processor and analyzer 30 will sort the sounds according to respiratory phase and gate 
die sounls usmg die QRS complex (or some odier a^ct) of die ECG. When analyzing breadi sounds, on die 
other hand, only die sound detector 12 and re^iration detector 16 are used. 

Generally, sound detector 12 is a conventional microphone assisted stedioscc^ having sound shielding 
20. Conventional filtering may be acconqplished by filter 18, and the output signal is provided to analog to 
digital converter (A/D converter) 28. ECG detector 14 is conventional. ECG detector 14 proWdes electrical 
heart signals to A/D converter 28. Respiration detector 16 is conventional and provides respiration data to A/D 
converter 28. 

A/D converter 28 converts the analog body sounds, ECG and re^iration signals into digital signals 
29 for processing 1^ signal processor and analyzer 30. Signal processor and analyzer 30 could be a computer 
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or a microprocessor of various types. One convenient configuration is to have processor 30 be part of a laptop 
counter wifli display 32 being the monitor of the laptop and terminal 34 being die keyboard and monitor of 
the laptop as well. Another configuration which may be implemented is to use IR or RF transmission from 
tfie isolation amplifiers to a desk or laptop computer at some distance for processing and display. The functions 
performed by signal processor and analyzer 30 are shown in detail in Figures 4-7. Visual data and text 
provided by signal processor and analyzer 30 are displayed on display 32. Examples of the displays generated 
by processor 30 are shown in Figures 8A-8E. The physician or other care giver using body sound analyzer 
10 controls the signal processor and analyzer 30 via terminal 34. 

Figure 4 is a flow diagram showing tfie basic processes accomplished by A/D converter 28 and signal 
processor and analyzer 30 of Figure 3. A/D converter 28 digitizes the body sound data, which consists of a 
predefined number of cycles, comprising heart beats, breaths, vessel sounds, or other cyclical body sounds 
in step 100. Processor and analyzer 30 converts each cycle to the frequency domain in step 102, for example 
by implementing a fast Fourier transform (FFT). Alternatively, a wavelet transform or any other time to 
frequency transformation might be employed. In step 104, a magnimde calculation or power calculation is 
performed on each frequency transformed cycle, to "phase fix" the cycles, or remove small differences in 
timing between the different cycles. The term ''phase fix" is used herein to describe the process of adjusting 
for differences in die phase of frequency transformed sounds brought out by small timing differences, by using 
mathematical manipulations which make all signals positive within a given time window (e.g. magnimde or 
power calculation). 

In step 106, processor and analyzer 30 signal averages the frequency transformed, phase fixed cycles. 
Finally, in step 108, the signal averaged data is displayed for an curator. Steps 102 through 106 would always 
be performed. Step 100 mi^t be skipped if the operator were analyzing previously stored digital data. Step 
108 might be skipped if the operator were storing the signal averaged data for future analysis. 

Figure 4 is a very general, hi^ level flow diagram describing the operation of body sound analyzer 
10 for analyzing a variety of body sounds. Figures 4-7 are more detailed flow diagrams showing preferred 
operation of the signal processor and analyzer for specific body soimds. 

Figure 5 is a flow diagram showing the preferred process accomplished by signal processor and 
analyzer 10 of Figure 3, when analyzing heart beat sounds. Processor and analyzer 30 begins in step 200 by 
displaying the raw heart soimds data received from A/D converter 28 in amplitude versus time format on 
di^lay 32 via agnal 31. When tfie curator is content widi the displayed signal, the operator signals processor 
30 via signal 33 from terminal 34 to begin storing data 29. The operator may specify the nimiber of beats to 
be stored, the number of frames per second to store and the place of detection and maneuver, or these may 
be predetermined parameters stored within processor 30. Processor 30 stores the next specified number of 
beats by counting the QRS complex signals on the ECG signal in step 202. 

Processor 30 sorts the heart beat sounds into two sets, according to respiratory phase, in step 204. 
Next, in step 206, processor 30 gates the stored heart sounds using the QRS component, so all of the heart 
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sounds are rouglily syndironized. In step 208, the heart beat sounds are individually frequency transfbrnied 
and phase fixed, for exaoqde by performiqg a magnitude FFT calculation. Taking the magnitude FFT of each 
heart sound prevents differences in timing between successive heart sounds from causing data loss in ttie signal 
averaging step. Step 210 accomplishes the signal averaging of the FFT signals. All of the inspiration beats 
are averaged sqiarately from all of the eviration beats. Signal averaging generally improves signal to noise 
ratio as square root of n, ^^re n is the number of acquisitions O^eart beat sounds stored). The improvement 
in signal to noise ratio in the i^esent invention will approach diis level, but will not quite reach it because part 
of the improvement in die conventional scheme is due to cancellation of poative and negative ncnse. The 
inqirovemait is sufficient so tfiat Ae acqui^tion does not need to occur in ideal conditions in a sound proofed 
room, but can be accomplished in normal doctor's office or ho^ital settings having a significam amount of 
backgroiuid noise. The two averaged sets are displayed in step 212. 

Signal processor and analyzer 30 may suggest that the operator perform otiier maneuvers to collect 
more data in step 214. If tfiis occurs, process returns to siep 200 to collect and process a second set of heart 
sound data. In any case, once all of die data is collected, it is compared to historical patient data in step 216. 
In step 218, processor 30 suggests a diagnosis. Figure 9 shows examples of how processor 30 can accomplish 
the steps of suggesting maneuvers and diagnosis. 

Figure 6 is a flow diagram showing the process accomplished by signal processor and analyzer 10, 
v/hen analyzix^ per^heral vessel sounds. Processor and analyzer 30 begins in step 300 by displaying the raw 
perifteral vessel sounds data received from A/D converter 28 in amplitude versus time format on display 32 
jtda*signaU3i .>.)Ii^nitheA<^ratorwi 

signal 33 from terminal 34 to begin storing data 29. The curator may specify die number of beats to be 
stored, die number of frames per second to be stored and the vessel location, or these may be predetermined 
parameters stored within processor 30. Processor 30 stores die next specified number of sounds by counting 
die QRS complex signals on the ECG signal in step 301, 

Processor 30 sorts die vessel sounds into two sets, according to re^iratory phase, in step 304. Next, 
in st^ 306, processor 30 gates die stored heart sounds usiqg the QRS conqmnem. In step 308, die heart beat 
sounds are individually frequency transformed and phase fixed, for example by performing a magnitude FFT 
calculation. Step 310 accomplishes die agnal averaging of the magnitude FFT signals. The inspiration sounds 
are averaged separately from the expiration sounds. Hie two averaged sets are displayed in step 312. The 
data is conqared to historical patient data in step 316. In step 318, processor 30 suggests a diagnosis. 

Hgure 7 is a flow diagram showing the process accomplished by signal processor and analyzer 10, 
when analyzing breath sounds. Processor and analyzer 30 begins in step 400 by displayiiig die raw breadi 
sounds data received from A/D converter 28 in amplitude versus time format on display 32 via signal 31. 
When the operator is content with die displayed signal, die operator signals processor 30 via signal 33 from 
terminal 34 to begin storing data 29. The operator may specify die number of breaths to be stored, die number 
of frames per second to store and die chest location, or diese may be predetermined parameters stored within 
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processor 30. Processor 30 stores tiie next specified number of sounds by counting the respiration detector • 
signals in step 402. 

Processor 30 sorts tiie breath sounds into two sets, according to respiratory phase, in step 404. In step 
408, ^ heart beat sounds are individually frequency transformed and phase fixed, for example by performing 
a magnitude FFT calculation. Step 410 accomplishes the signal averaging of the magnitude FFT signals. The 
inspiration sounds are averaged separately from the expiration sounds. The two averaged sets are displayed 
in step 412. The data is compared to historical patient data in step 416. In step 418, processor 30 suggests 
a diagnosis. 

Figures 8A, 8B, 8C, 8D and 8E show displays produced by the signal processor and analyzer of 
Figure 3, when analyzing heart sounds. Figure 8A shows how the display of the heart sounds of a patient with 
a normal heart mig^t look. SI and S2 are nicely separated, with no extra soimds or murmurs appearing. The 
X-axis shows the frequency of the soimds, and tiie y-axis, along with the color of the dots, indicates the 
intensity of tfie sound. Red dots indicate the highest intensity, followed by green dots, then blue, then white. 
Intensity is also indicated by the height of the dots. Time is displayed along the diagonal. 

Figure 8B shows a representative tracing of the heart sounds of a patient with aortic stenosis. Aortic 
stenosis is generally associated with a soft A2 sound, with a high-pitched extra sound (systolic ejection click) 
in early systole and an associated crescendo-decrescendo systolic murmur between SI and S2. See Figure 9. 
Figure 8B demonstrates how the murmur begins after SI and ends before S2. Moreover, it is clear that die 
intensity and the frequency of the murmur are not constant. 

Figure 8C shows a representative tracing of the heart sounds of a patient with mitral regurgitation. 
Mitral regurgitation is generally associated with a soft S 1 sound and an associated holo-systolic murmur from 
SI to S2, and is confirmed by hand grip making the murmur louder. Figure 8C illustrates the presence of the 
murmur tfiroug^out systole (i.e. from SI to S2). 

Figure 8D shows a representative tracing of the heart sounds of a patient having a pericardial friction 
nib. This sound results from rubbing of an inflained pericardium during the cardiac cycle. Although this may 
sound like systolic and diastolic murmurs. Figure 8D confirms a unique frequency signature to this sound. 

Figure 8E shows a representative display of the heart sounds of a patient with mitral stenosis. Mitral 
stenosis is generally associated wi& a loud Ml sound, a low pitched decrescendo associated murmur in early 
diastole and opening snap in early diastole (see Figure 9). Figure 8E shows all of these features. 

Figure 9 is a chart showing an example of a diagnostic approach which could be taken by the signal 
processor and analyzer 30 in suggesting maneuvers and diagnoses to the operator, when analyzing heart 
sounds. First, abnormal sounds are divided into abnormal sounds, murmurs, and other extra heart sounds. 
Next, sounds are classified according to their timing in the heart sound cycle, and whether the timing is 
consistent or not. Then the frequency or pitch of the sound is added as a factor. Respiratory phase is 
examined as a factor. Signal processor and analyzer 30 &en suggests a lesion based upon these factors. If 
a different maneuver will help confirm the diagnosis, signal processor and analyzer 30 displays a request for 



wo 98/20792 PCTAJS97/21185 

8 

die user to perfoim this maneuver. Those skilled in tiie art will appreciate tiiat computer assisted diagnoas- 
could be based upon diese cfaaraderistics. 

Figure 10 is a chart siiowing an example of a diagnostic s^proach vt^ch could be taken by the signal 
processor and analyzer 30 in suggesting diagnoses to die operator, when analyzing breadi sounds. Sounds are 
classified according to dieir timing in the breathing ^cle. Then the firequency or pitdi of die sound is added 
as a factor. Location of sound detection is examined as a factor. Signal processor and analyzer 30 then 
suggests a diagnosis based upon these factors. Methods of confirming tiie diagnosis may also be suggested. 
Those skilled in the art will appreciate diat computer assisted diagnosis could be based upon diese 
characteristics. 

Figure 11 is a chart diowing an exanq>le of a diagnostic approadi vMdh could be taken by the signal 
processor and analyzer 30 in suggesting diagnoses to the operator, vAicn analyzing peripheral vessel sounds. 
Sounds are classified according to their timing in the heart beat cycle. Then the firequency or pitdi of die 
sound is added as a &ctor. Location of sound detection is examined as a factor. Signal processor and analyzer 
30 then suggests a diagnosis based upon these factors. Mediods of confirming the diagnosis may also be 
suggested. Those skilled in the art will appreciate diat computer assisted diagnosis could be based upon diese 
diaracteristics . 

Rgure 12 shows (he effect on heart beat sounds of signal averagiog in die frequency domain. The plot 
in the upper left hand oom^ shows amplitude of sound versus time for one second of data (no averagmg). The 
plot in the upper ri^t hand comer ^ws a diree dimensional plot indicating anq>litude versus time and 
frequency of the one second sanq;>le. A large artifact is evident. The plot on tiie bottom shows one second of 
data obtained by signal averaging an entire data set in die frequency domain, after phase fixing. The artifact 
has disappeared, and a very clean signal is obtained. 

In addition to the obvious application for screening and diagnosis of anatomic and functional heart 
disease, anodier extremely useful capability of the presem invention is following the natural history as well as 
treatment response once cardiac abnormalities have been documented and characterized. For example, 
suppose a patient's mitral stenosis was detected by the present invention and die mitral valve area was 
quantified with an additional anatonuc test (e.g. echocardiography, costing around $1000 per study). Ihe 
progression of the stenoas could be foUowed by die present invention using the timing between the opening 
snap (OS) and aortic closure (A2) as well as the pitdi and intensity of the diastolic murmur. Once the present 
invention determined that die severity of the lesion had increased to die point which warranted surgical 
intervention, a follow-^ echocardiogram could be performed to confirm this conclusion. The documentation 
and direct quantification of measurements made with the present invention obviates the need for frequendy 
r^>eated anatonuc studies, saving the patiem time and money. 

While the exemplary preferred embodiments of the present invention are described herein widi 
particularity, those skilled in the art will appreciate various changes, additions, and applications odier than 
those qiectfically mentioned, which are widiin the spirit of diis invention. F6r example, some pl^rsicians may 
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possess greater skill at interpreting the graphical displays generated by the present invention. Given the digital 
nature of the invention, it would be possible to transfer the data over telephone lines to obtain consultation with 
expert interpreters as well to allow for the user to perform comparison of studies which were acquired at 
different times and/or different places and stored at a remote site. 
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1. Apparatus fior analyzing body scninds utilizmg bod^ 
apparatus comprisipg: 

means for storing a plurality of cycles of data representiqg a body sound; 
means for convertix^ each cycle to tiie frequency domain; 
means for phase fixing each frequency converted cycle; 
means for signal averaging the phase fixed cycles; and 

means for providmg die averaged signals to a user, in a format useful for evaluating the patient's 
physical condition. 

2. The apparatus of daim 1, fotho' including means for visually di^laying the averaged signals. 

3. The ^iparatus of claim 1 ^Kdierein die cydes of data r^)iesemhean beat soi^^ 
uses ECG data collected from the patient, said apparatus furdier including: 

means for gating the cydes according to ttie ECG data. 

4. The ^iparatus of daim 3 v/bkh also utilizes respiratory phase data collected from the patient, 
and furdier including: 

means for sorting said cycles according to re^iratory phase; 

wherein said means for signal averaging the phase fixed cycles signal averages the frequency 
converted, phase fixed cycles separately according to respiratory phase. 

5. The apparatus of claim 3, fiirtfier including: 

maneuvers to be performed on said patient. 

6. The apparatus of claim 3, further including: 

means for comparing tiie averaged signals to a historical database for said patient. 

7. The apparatus of claim 3, fiirdier including: 

means for selecting a suggested patient diagnosis based upon the averaged signals; and 
means for providixig a signal to die user of said apparatus, said signal for indicating the selected patient 
diagnosis. 

8. The apparatus of daim 1 i^lierein the cycles of data r^resent peripheral vessel sounds and 
which also uses ECG data collected from the patient, said apparatus furdier induding: 

means for gating the cycles according to die ECG data. 

9. The apparatus of daim 8 w^ch also utilizes respiratory phase data collected from tiie patient, 
and furtiier including: 

means for sorting said cycles according to respiratory i^iase; 

wherein said means for signal averaging signal averages the frequency converted, phase fixed cydes 
separately according to re^iratory phase. 

10. Tlie apparatus of claim 8, furdier including: 
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means for comparing the averaged signals to a historical database for said patient. 
1 L The apparatus of claim 8, further including: 

means for selecting a suggested patient diagnosis based upon the averaged signals; and 
means for providing a signal to tfie user of said apparatus, said signal for indicating the selected patient 
diagnosis. 

12. The ^paratus of claim 1 wherein the cycles of data represent breath sounds and which also 
utilizes respiration phase data collected from the patient, and further including: 

means for gating said brea& sounds according to respiratory phase. 

13. The apparatus of claim 12, further including: 

means for comparing die averaged signals to a historical database for said patient. 

14. The apparatus of claim 12, further including: 

means for selecting a suggested patient diagnosis based upon the averaged signals; and 
means for providing a signal to the user of said s^^taratus, said signal for indicating the selected patient 
diagnosis. 

15. A method of analyzing body sounds utilizing body sound data collected from a patient, said 
method comprising the steps of: 

storing a plurality of cycles of data representing a body sound; 
converting each cycle to the frequency domain; 
phase fixing each frequency converted cycle; 
signal averaging the phase fixed cycles; and 

providing the averaged signals to a user, in a format useful for evaluating the patient's physical 
condition. 

16. The method of claim 15 which also utilizes respiratory phase data collected from the patient, 
and further including the step of: 

gating said cycles according to respiratory phase. 

17. The method of claim 15, further including the steps of: 

selecting a suggested patient diagnosis based upon the averaged signals; and 
providing a signal to the user for indicating the selected patient diagnosis. 

18. The method of daim 15, herein die cycles represent heart beat sounds and which also utilizes 
ECG data from the patient, said method further including the step of: 

gating the cycles according to the ECG data. 

19. The method of claim 18 further including the step of: 

providing a signal to the user, said signal for indicating suggested maneuvers to be performed on said 

patient. 

20. Tbe method of claim IS, v^ieidn Ifae cycles represent perii^eral vessel sounds and which also 
utilizes the ECG data from ttie patient, said method fiirtiier including the step of: 
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gating the cycles according to the ECG data. 

21. The method of claim 15, wherein the cycles represent breath sounds. 
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